Hip retraction is a phenomenon observed in human walking. The swing leg rotates 8 backward at the end of the motion. Its positive effect on motion stability was reported in the 9 literature based on some simple models for running or walking. In this study, it is shown that 10 hip retraction angle increases in humans during their ascending and descending walk on a stair.
Introduction

25
Human leg retracts at the end of the swing phase just before the leg collides with 26 ground (i.e., heel-strike) [1] . It was shown that hip retraction exists in human 27 motion for a wide range of walking and running speeds [2] . Leg retraction was 28 also observed in animal locomotion [3] . Several positive effects, such as motion 29 stabilization and energy optimization, were mentioned for this phenomenon [4] .
30
Motion stability is one of the important issues that has been studied from 31 different viewpoints [5] [6] [7] . Positive influence of hip retraction on the motion 32 stabilization was demonstrated via mathematical models [8] and robots [9] . Fixed 33 retraction angular velocity for swing leg which planned to begin at the mid-flight, 34 increased the running model stability [10] . In addition, using a predefined 35 retraction angle for the swing leg improved the stability of the simple inverted 36 pendulum model for a passive walking on downhill [11] . In another study, the 37 effect of hip retraction on the stability of a walking robot disturbed by a stepdown 38 was investigated [12] . This study also showed that using a predefined mild 39 retraction trajectory for the swing leg resulted in an optimal disturbance rejection.
40
Optimality is another important factor in locomotion that has frequently 41 been investigated in literature [13, 14] . Another major benefit of hip retraction is 42 reducing energy consumption. It helps to reduce energy loss by declining the 43 3 relative speed between the ground and the swing leg [15] . This was also 44 confirmed by some model-based studies. For example, modeling hip retraction 45 with an impulse that moved the swing leg downward, helped to decline energy 46 losses at heel-strike during a high-speed walking [16] . In another study, optimal (blue: stance phase, green: swing phase, red: hip retraction at the end of the swing phase).
100
Retraction angle was about 3.6 .
102
Normalized hip flexion data for stride on an ascending stair is displayed in Fig.2 .
103
In this state, hip flexion angle went up to 38.8 and the retraction of the swing 104 leg was 11.0 . As it is shown, value of hip retraction for the ascending stair 105 compared to stride on the flat floor increased. The condition for the end of the single support phase is mentioned in Eq.(4). The 142 swing leg collides with the ground when the condition is met [34] . Step duration for different values of and ( 0 was fixed at −0.02).
Step 187 duration was mainly influenced by . Step length for different values of and ( 0 was fixed at −0.02).
Step length 
257
Decreasing and increasing the magnitude of 0 enhanced the maximum degree of hip.
259
Likewise, was fixed at 40, and the degree of SLR was computed by setting 260 different values for 0 and (Fig.12) . Similarly, the degree of SLR was 261 chiefly influenced by 0 . Maximum degree of hip climbed with rising both the 262 magnitude of 0 and (Fig.13) . Table 1 shows the parameters of the designed controllers, which were configured 274 manually. The desired step length was set at 0.5 and the desired step duration was 275 adjusted to 0.5. 
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279
The model shows no hip retraction for walking on the flat floor at 0 = 0 280 (Fig.14) . Consequently, this model was chosen as the model with no hip 281 retraction. As it is demonstrated in Fig.10 and Fig.12 , the degree of SLR grew 
